Lanting CI, Patandin S, Weisglas-Kuperus N, Touwen BCL, Boersma ER. Breastfeeding and neurological outcome at 42 months. Acta Paediatr 1998; 87: 1224-9. Stockholm. ISSN 0803-5253 This study investigated the effect of early feeding mode on the neurological condition at 42 months. For this purpose, healthy pregnant women were recruited in Groningen and Rotterdam, The Netherlands. Children were healthy and born at term. At 42 months, the children were neurologically examined by means of the Touwen/Hempel technique. In addition to the clinical diagnosis, the neurological findings were interpreted in terms of optimality. Special attention was paid to the quality of movements in terms of fluency. In total, 200 (51%) exclusively breastfed (for Ն 6 weeks) and 194 (49%) formula-fed children were studied. Twelve (3%) 42-month-old children were considered to be neurologically mildly abnormal and 1 child was diagnosed as abnormal. No effect of the type of feeding was found on the clinical diagnosis or the neurological optimality. After adjustments for study centre and social, obstetric, perinatal and neonatal neurological differences, a beneficial effect of breastfeeding on the fluency of movements was found (odds ratio for non-optimal fluency 0.56; 95% confidence interval 0.37-0.85). The prolongation of full breastfeeding beyond 6 weeks did not influence the quality of movements. In conclusion, among Dutch preschool children, there was a small advantageous effect of full breastfeeding during the first 6 weeks of life on the fluency of movements. Several studies have indicated a long-term beneficial effect of breastfeeding on psychomotor development (1-5), but little information is available on the effect of breastfeeding on neurological development. In two previous papers we investigated the effect of breastfeeding on postnatal neurological development in children born at term. First, neonatal and 9-y neurological follow-up data from a group of 135 breastfed and 391 formula-fed children born at term were studied (6). In the neonatal period, 53% (n ¼ 279) of these children either had a defined neurological syndrome or showed isolated signs of neurological deficit. The type of feeding during early life and the duration of breastfeeding were assessed in retrospect after a period of about 18 y. The data indicated a small beneficial effect of breastfeeding on long-term neurological development, but definite conclusions could not be drawn because of the retrospective design of the study.
Several studies have indicated a long-term beneficial effect of breastfeeding on psychomotor development (1) (2) (3) (4) (5) , but little information is available on the effect of breastfeeding on neurological development. In two previous papers we investigated the effect of breastfeeding on postnatal neurological development in children born at term. First, neonatal and 9-y neurological follow-up data from a group of 135 breastfed and 391 formula-fed children born at term were studied (6) . In the neonatal period, 53% (n ¼ 279) of these children either had a defined neurological syndrome or showed isolated signs of neurological deficit. The type of feeding during early life and the duration of breastfeeding were assessed in retrospect after a period of about 18 y. The data indicated a small beneficial effect of breastfeeding on long-term neurological development, but definite conclusions could not be drawn because of the retrospective design of the study.
Secondly, in a prospective longitudinal study neurological follow-up data were collected from a group of 418 children. The study was designed to examine the effects of environmental exposure to polychlorinated biphenyls (PCBs) and dioxins in breastmilk on child development. In contrast to human milk, formula milk is free of PCBs and dioxins, since animal fats have been replaced with fats of vegetable origin in the production process. Since we expected to find negative effects of these toxic compounds, the criteria for inclusion (see Methods) were strictly implemented in order to form an optimal study population in which the expected frequency of neurological abnormality is lower than that in the general population (7) . Half of the women in the study breastfed their infant, while the other half formula-fed their child. In order to guarantee a substantial level of exposure, exclusive breastfeeding had to be sustained for at least 6 weeks. In addition to measures of prenatal and postnatal exposure to these contaminants, information was collected about the duration of lactation. The children were examined neurologically in their second week after birth, at 18 months of age and at 42 months. Although prenatal exposure to PCBs was negatively associated with the neurological condition at birth and at 18 months, no effect of lactational exposure to PCBs and dioxins on neurological development was found (8, 9) . At 18 months of age, an advantageous effect of breastfeeding on the quality of movements in terms of fluency was found (8) . The present study reports on the effect of early feeding type and the effect of the duration of exclusive breastfeeding on the neurological condition at 42 months in this cohort. pregnant women were asked to volunteer for participation. The women were asked to participate by their midwives or obstetricians in the 34th to 36th week of pregnancy. It was planned to form a study group consisting of 50% breastfeeding mothers and 50% formula-feeding mothers. The women were provisionally assigned to one of two feeding groups on the basis of their intention to breastfeed or formula-feed their infant after birth. For inclusion in the study the mothers and their newborn infants had to meet the following criteria: (i) no serious illness or complications during pregnancy and delivery; (ii) a normal, spontaneous vaginal delivery; (iii) healthy, first or second born, term infants; and (iv) in order to rule out racial differences in neurological development, both parents had to be Caucasian. In addition, for assignment to the breastfeeding group, mothers had to sustain full lactation for at least 6 weeks after delivery. The number of weeks during which the child was fed exclusively on breastmilk was recorded. Formula-feeding mothers fed their infants exclusively on Almiron M2 from one batch (Nutricia NV, Zoetermeer, The Netherlands) for at least 6 months after birth. In the formula milk, PCB and dioxin levels have been found to be below the detection limit (8) . The study protocol was approved by the medical ethics committees from the University Hospitals in both Groningen and Rotterdam.
Neurological condition
In the second week after birth, all neonates were examined neurologically using the technique designed by Prechtl (10) . At 18 and 42 months, the children were re-examined using an age-specific neurological examination, the Touwen/Hempel technique (11). The neurological assessment is performed in a standardized free-field situation and focuses on the observation of motor functions (prehension, sitting, crawling, standing and walking). The 42-month-old children were classified as neurologically normal, mildly abnormal or abnormal. The clinical diagnosis ''abnormal'' means that the child suffers from an overt neurological syndrome, which usually leads to a handicap in daily life. The classification ''mildly abnormal'' implies that there are mild signs of neurological deficit which do not necessarily lead to a handicapping situation, such as signs of mild hypertonia or hypotonia, or slight asymmetries.
In addition to the clinical classification, the neurological findings were interpreted in terms of optimality (12) . A list of 56 items was composed, for each of which an optimal range was defined (9) . The neurological optimality score (NOS) was determined by counting the number of items falling within the optimal range. It should be kept in mind that optimality is not identical to ''normal''; a reduced optimality score does not automatically imply a clinical diagnosis of ''mildly abnormal'' or ''abnormal''. However, mildly abnormal and abnormal children will virtually always show a reduced optimality score. Special attention was paid to the fluency of movements. For that purpose, a fluency cluster score was constructed for each 42-month-old child. The NOS contains 15 items describing the fluency of movements during prehension, sitting, crawling, standing and walking (9) . Re-inspection of the distribution of the 15 fluency items indicated a severe inconsistency in the appreciation of observations concerning the spontaneous trunk rotation during sitting between the two researchers. Therefore, this item was excluded, leaving 14 items which were used to calculate the fluency cluster score (Table 1) .
Explanatory variables
Social, obstetric and perinatal conditions were extensively recorded using a 72-item questionnaire (13) . For each mother/infant pair, the number of items that fulfilled preset optimality criteria (12) was counted, and used as an obstetric optimality score (13) . The neurological condition at 42 months was assessed by two researchers, one in Groningen (CL) and one in Rotterdam (SP). Both examiners were trained and regularly supervised by BCLT. They were not informed about the early type of feeding, the duration of breastfeeding or the outcome of the neonatal and the 18-month neurological examinations.
Data processing and statistics
A regression analysis was performed to investigate the effect of the type of feeding and the duration of breastfeeding on the neurological condition at 42 months. The NOS and the fluency cluster score were the dependent variable. Considering the criteria for inclusion, it is not surprising that the distribution of the NOS was skewed to the left (Table 1) . For statistical reasons, the NOS was normalized ACTA PAEDIATR 87 (1998) 2 ], education, profession, and pregnancy cigarette and alcohol consumption, the partner's education and profession, and smoking habits at the time of pregnancy, and the infant's gestational age, gender, birth order and birthweight}, the obstetric optimality score and the study centre. Parental education was categorized as follows: 0, no qualifications; 1, secondary education; and 2, university or higher professional training. Profession was coded 0 for skilled or unskilled workers, the unemployed or rejected, housewives and students, 1 for lower and middle-class employees, and 2 for independent middle-class and higher professionals. Other codings have been described elsewhere (13 
Results
The intake of the breastfed and the formula-fed group was completed after a period of 2 y. At delivery, 489 mother/ infant pairs met the inclusion criteria, 71 (15%) of which were lost, mainly due to difficulties in sustaining breastfeeding for 6 weeks or more, leaving a total number of 418 mother/infant pairs. For each mother the intention to breastfeed or formula-feed was equal to the actual feeding type. At 42 months the neurological examination was carried out in 394 (94%) of these children. Thus, the final study population consisted of 394 42-month-old children. In 203 (51%) of the cases the 42-month neurological examination was performed by CL (Groningen) and in 192 (49%) cases by SP (Rotterdam). Two-hundred (51%) of these children had been exclusively breastfed for at least 6 weeks as babies and 194 (49%) had been formula-fed. This proportion of formula-feeding mother/infant pairs corresponds well with the expected prevalence on the basis of national data; in The Netherlands, 48% of mothers were found to formula-feed their infant (14) . Table 2 shows the characteristics of the feeding groups. In the breastfeeding group the mean Ϯ SD maternal Quetelet index was 22 Ϯ 3, indicating a good nutritional status. All mothers/infant pairs were regular visitors to an infant welfare centre.
Clinical diagnosis vs feeding mode
In the second week after birth, 94% of the study population was diagnosed as neurologically normal. The number of 42-month-olds diagnosed as ''mildly abnormal'' was somewhat higher in Rotterdam than in Groningen [n ¼ 9 (5%) vs n ¼ 3 (1%), respectively; p ¼ 0:06], although statistical significance was not reached. Four of the 12 42-month-olds classified as ''mildly abnormal'' were in the breastfed group, whereas 8 were in the formula-fed group. One child, who had been breastfed as a baby, was considered to be neurologically ''abnormal'' and showed signs of spastic diplegia. The remaining 381 (97%) children were considered to be neurologically ''normal''. Of the 42-month-olds classified as ''normal'', 195 (51%) were in the breastfed group and 186 (49%) were in the formulafed group. After adjustment for confounding variables, the type of feeding proved to be unrelated to the clinical diagnosis.
NOS vs feeding mode
In Groningen, the median NOS at 42 months was equal to 1226 CI Lanting et al. ACTA PAEDIATR 87 (1998) 53 (range 47-56). In Rotterdam, the median NOS proved to be 51 (range . This difference between the two observers was found to be significant ( p Ͻ 0:01) and was mainly due to a systematic difference in the assessment of the following 10 items: yoke movements, spontaneous trunk rotation, fluency of trunk movements, posture during standing, distance between feet, ability to walk and toddle, posture during walking, manoeuvrability during walking, position of the eyes and reflex thresholds.
In the neurologically ''normal'' group, the median (range) NOS was 52 (37-56), whereas among the neurologically ''mildly abnormal'' or ''abnormal'' children the median (range) NOS equalled 38 (30-53) ( p Ͻ 0:001). The NOS was significantly higher in the breastfed group than in the formula-fed group ( p ¼ 0:04). However, after adjusting for confounding factors in a linear regression analysis, the early type of feeding was no longer associated with the NOS at 42 months. The duration of full breastfeeding was also unrelated to the NOS at 42 months.
Fluency of movements vs feeding mode
In both Groningen and Rotterdam, the median fluency cluster score equalled 13. In Groningen the fluency cluster score ranged from 9 to 14 and in Rotterdam it ranged from 5 to 14 ( p ¼ 0:02). This difference is mainly caused by a systematic interobserver difference in the assessment of the following items: elicited trunk rotation, and ability to walk and toddle. Considering the distributions of the fluency cluster score for breastfed and formula-fed children (Fig. 1) , it was decided for methodological reasons to dichotomize the fluency cluster score at the median of the pooled data. A fluency cluster score equal to 14 was considered to be optimal, whereas a fluency cluster score of 13 or less was considered to be non-optimal. In 52% (n ¼ 104) of the breastfed 42-month-old children the fluency cluster score was considered to be optimal, whereas among the formulafed toddlers this was 35% (n ¼ 69) ( p Ͻ 0:01). In a logistic regression analysis, a significant association with the type of feeding was found (Table 3 ). In addition to the feeding type, smoking by the mother during pregnancy and the study centre were included in the final model. Other explanatory variables did not improve the model fit and did not explain the effect of feeding type. The fluency cluster score was found to be unrelated to the duration of exclusive breastfeeding.
Discussion
In the group of 42-month-olds who were fed formula milk during the first 6 months of life, the frequency of a nonoptimal fluency of movements was about twice as high as that found among toddlers who were fully breastfed for 6 weeks or more. This beneficial effect of breastfeeding was also found at 18 months of age in the present cohort (8) . The fluency of movements has been found to be a reflection of brain integrity in fetuses and preterms (15, 16) . Recently, it was reported that an abnormal quality of movements during fetal life and early infancy is a marker of later neurological dysfunction (17) . Whether the presence and severity of non-fluency of movements is associated with behavioural and cognitive problems at later ages remains to be investigated. Such an association has been found for mild neurological dysfunction at 9 y of age (18) . The advantageous effect of breastfeeding on the quality of movements was found in a low-risk population for neurological abnormality (see inclusion criteria). This cohort was examined neurologically by two researchers, one in Rotterdam and one in Groningen. Both NOS and fluency cluster score differed significantly between the two study centres, being systematically higher in Groningen than in Rotterdam. In order to account for these differences, adjustments were made for the study centre.
Breastfeeding avoids many of the hazards of artificial feeding, including infection (19) and malnutrition in developing countries, and allergic disorders (19, 20) and obesity (21) in more developed societies, and is generally recognized as the most optimal method of infant feeding (22) . In Western countries research on the developmental effects of Fig. 1 . Distribution of the fluency cluster score at 42 months of age according to type of infant feeding. breastfeeding is complicated by the fact that breastfed children tend to come from more advantaged home environments than their formula-fed counterparts. The educational and professional level of both parents was higher in the breastfeeding group than in the formula-feeding group. Also, breastfeeding mothers were older, they were more likely to be non-smokers, and they more often consumed alcohol during pregnancy than the formula-feeding mothers (Table 2 ). In the present study social, obstetric and perinatal factors had no effect on the quality of movements. Adjustments were made for the study centre and maternal smoking during pregnancy. However, it cannot be completely excluded that the advantageous effect of breastfeeding is caused by factors such as genetic potential, or parental lifestyle and health attitudes. Three mechanisms could account for the beneficial effect of breastfeeding: (i) the psychosocial aspect of nursing may play a role; (ii) it is known that maternal hormones (e.g. thyroid hormone and thyroid-stimulating hormone) and other biologically active peptides are transferred to the infant via breastmilk (23) , and may influence brain (24) and muscle development; and (iii) components of breastmilk may be responsible. Besides differences in, for example, monosaccharides and sugar alcohols (25) , breastmilk and formula milk differ considerably in lipid composition. In contrast to most term formula milks, breastmilk contains various long-chain polyunsaturated fatty acids (LCPUFAs) (25) . LCPUFAs, and especially docosahexaenoic (DHA) and arachidonic acids (AA), are considered to be essential nutrients during fetal life and early infancy, and they make up a major part of the structural lipids in brain and nervous tissue (26) . Owing to a low capacity of the enzymes required for the synthesis of AA and DHA from their precursors (linoleic and a-linolenic acid, respectively), breastmilk is virtually the sole source of these fatty acids in the first weeks of life. Supplementation of preterm infants with DHA has been found to improve visual as well as cognitive function (27, 28) . In term infants, Agostoni et al. (29) found a higher developmental quotient in infants who received formula supplemented with LCPUFAs than in infants fed on a standard formula. Assuming that the beneficial effect on brain function is related to these components of human milk, the absence of an effect of the duration of full breastfeeding (for Ն6 weeks) suggests that breastfeeding exerts its advantageous effect in the first weeks of life. This hypotheses is supported by our previous finding that full breastfeeding for 3 weeks or more has a positive effect on neurological development, whereas no effect was found of shorter periods of breastfeeding (6) . Others also found a beneficial influence of short courses of breastfeeding on neurodevelopment (5, 30) .
The difference between the two feeding groups with respect to neurological development is small. This was also the case in studies concerning cognitive development (1) (2) (3) (4) . Considering the fact that both feeding groups are at low risk for developmental disturbances (a low risk which is reflected by the small number of clinically not quite normal children), the finding that the type of feeding influences the quality of motor behaviour within a group of normally developing children is remarkable. This small effect should not alarm individual mothers who for a good reason do not breastfeed their infant. However, it should be remembered that on a population basis such a minor increase in the mean score may have a noticeable effect.
In conclusion, in 42-month-old children a small beneficial effect of full breastfeeding during the first 6 weeks of life on the quality of movements in terms of fluency was found. The prolongation of full breastfeeding beyond 6 weeks did not influence the neurological condition at 42 months.
